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(54) Diversity antenna system 

(57) A diversity antenna system Is described which 
combines tiie signals (21, 22, etc.) of a number of antenna 
elements (1 . 2, etc.) - that may have different posrttans 
andtor polarisations and/or radiation patterns - with 
weightings dependent on their respectlvd signal levels. 
The combination process is performed at baseband, after 
demodulation, by means of a separate receiver 
(31, 32. etc.) and variable-gain amplifier (51. 52, etc.) for 
each antenna element. The gain setting of each 
variable-gain amplifier is adjusted in proportion to the 
signal level present at each receiver (31 , 32, etc.) by the 
use of an open-loop control technique which responds 
swiftly and accurately to changes in signal level In order to 
counter the effects of signal fading due. for example, to 
multipath fading. 
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Figure 1 

"Hie claims were filed laterthan the fiUng date wiMn the period prescribed by Rule 25(1) of the Patents (^les 1990. 
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Figure 2 



DIVERSITY ANTENNA SYSTEM 



This invention relates to a type of diversity antenna system. 

Diversity antenna systems are well known and consist of a number of 
antennas with different spatial locations and/or polarisations and/or 
radiation patterns, one of which may be selected - by means of a 
switching process - at any given time. The antenna system is used in 
conjunction with a receiver and the switching process is usually 
controlled by means of a closed-loop feedback system so as to obtain best 
performance under varying signal conditions. A particular application 
is to reduce the effects of multipath fading in mobile radio receivers. 

Although offering improved performance they suffer from a number of 
problems: there is audible noise generation during switch-over between 
antennas, maximum use is not made of the signals available from all 
antennas and the control loop is prone to erratic behaviour under 
rapidly varying signal conditions. 

According to the present invention, a means is provided to combine the 
contributions of each antenna with a weighting dependent on the 
respective signal strength present at each antenna element, the 
combination process being performed at baseband by means of a 
separate receiver and variable-gain amplifier for each antenna. The 
control process is entirely open-loop and with a response time rapid 
enough to react to the fastest likely rate of signal fading. 

A specific embodiment of the invention will now be described by way of 
example with reference to the accompanying diagrams in which: 

Figure 1 shows a block diagram of the complete system in the case of a 
two-element configuration; 

Figure 2 illustrates a possible implementation of the control hardware. 

Referring to figure 1, a nxunber of antenna elements (1, 2, etc.) are 
connected to a signal distribution matrix (11) the outputs of which 
consist of a fixed combination of the said antenna signals. The signal 
distribution matrix is particularly likely to be used in the case of a single 
antenna structure having a diversity of radiation patterns and/or 
polarisations and may be omitted in the case of a system employing 
spatial diversity where the antezma signals may be directiy fed to the 



next stage of the block diagram. The pluraHty of signals (21, 22, etc.), 
again show n to be two by way of example in this description, a^e each 
provided as inputs to se parate^ individual receivers (31. 32, etc). The 
baseband outputs of eadT^^^er (i.e. after demodS^tion) are virtually 
in-phase with each other a nd are each apphed to separate variable- gnin 

^am ^ers(51,52,etc.)t he gains of which are a^jxisted by a com;W~~ 
conteol system (41) in response to the signal level indications, "S", of 
each receiver: The outputs of each variable-gain amplifier are then 

-tombined in a common signal combiner (61), the output of which is fed 
to the common audio chain (71) thus producing an audio output. The 
technique is equaUy app Kc able to the reception of digital signal s ^diere 
( 71J would be a digit d^ giaace. The proportionally varying nature ofthe 
contributions of ea^S^tenna signal enables the system to be completely 
noise-free in operation and enables fuU use to be made ofthe signals of 
each antenna. The open-loop nature ofthe control system (41) allows 
accurate and rapid adjustment ofthe variable-gain amplifiers (51, 52, 
etc) under the most hostUe signal conditions - such as severe fast * 
multipath fading. FunctionaUy, the system is virtually identical to a 
phased array employing RP phase shifters and RF ampUtude weights 
Willi closed-loop feedback control to achieve maximum signal-to-noise 
ratio; the present invention, however, requires neither RP phase 
shifl»rs, nor RF ampHtude weights, nor dosed-loop feedback control. 

For many appUcations, particularly audio, the control system (41) 
should operate m such a fashion that the resultant signal level leaving 
the signal combiner (61) is constant, irrespective ofthe varying gain 
settings ofthe variable-gain amplifiers. In appHcations where the 
baseband signal level derived from each receiver (31, 32, etc.) is constant 
regardless of the RF signal level at the input of said receiver - such as 
with FM receivers employing limiting - the sum of the gains of each 
variable-gain amplifier should be constant. Using the commonly known 
fact that maximum signal-to-noise performance is achieved by 
employing amplifier weightings in direct proportion to the signal 
strength present at each respective receiver, the required gains of (61) 
and (52) are 

KV. KV, 

where Vj is the RP signal voltage detected at receiver (31), is the RP 
signal voltage detected at receiver (32) and K is an arbitrary constant. 



A close approximation to these functions may be realised by means of 
the method shown in figure 2 which allows for simpler control circuitry. 
Signal level indications proportional to the logarithm of tihe RF signal 
voltages, which are easily and commonly reaKsed in receiver design, 
are applied as inputs to a differential amplifier (81). The resulting 
control signal is proportional to the logarithm of VjA^j is applied 
directly to a summing node (101) and via an inverting amplifier (91) to a 
summing node (102) to increase the gain of the variable-gain amplifier 
(51) whilst decreasing the gain of the variable-gain amplifier (52), a DC 
offset being introduced at the summing nodes to set the gains of the 
variable-gain amplifiers (61, 52, etc.) at the centre of their operating 
range. The gains of (51) and (52) are now of the form 

^ ^ 201og,p(V,A^,) 201og^p(V,/V^) 
G3,=K l^andG^. K/ ^(dB) 

and if the constant. A, is suitably chosen (such as 20 dB), these 
expressions are a dose approximation to the previous equalioiu. These 
two algorithms are shown by way of example; many oth^ types of 
algorithm may also be implemented within the control system (41). 



CLAIMS 



1. A diversity antenna system comprising a nmnber of antenna 
elements, with an optional signal distribution mal^, providing a 
plurality of signals each of which is received and demodulated by a 
separate receiver, the baseband output signals of which are each 
combined via separate variable-gain amplifiers with gain weightings 
dependent on the instantaneous signal level detected by the respective 
receiver. - 

2. A diversity antenna system, as daimed in daim 1, with proportional 
control of the weightings of each of the signals derived fi-om the antenna 
elements in response to their respective signal levels. 

3. A diversity antenna system, as claimed in claims 1 & 2, capable of 
induding the contributions of all signals derived fi:om the antenna 
elements to maximise the baseband signal-to-noise ratio. 

4. A diversity antenna system, as daimed in daims 1 & 2, with open- 
loop control of the weightings of each variable-gain amplifier in such a 
fashion that the S3rstem may respond rapidly and accurately to changes 
in signal conditions whilst maintaining optimtun amplifier weightings 
and maintaining constant baseband (audio) levd. 

5. A diversity antenna system, as claimed in daims 1, 2 & 4, where, in 
the case of a two-element design, a dose approximation to optimum 
signal-to-noise weighting may be obtained by increasing the weighting of 
one element whilst decreasing the weighting of the other in proportion to 
the difference between the logarithms of the signal levels as detected by 
the respective receivers. 

6. A diversity antenna system substantially as described herein with 
reference to figures 1 & 2 of the accompanying diagrams. 
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Amendments to the claims have been filed as follows : 

1. A diversity antenna system comprising a number of antenna 
elements, with an optional signal distribution matrix, providing a 
nximber of signals each of which is received and demodulated by a 
separate receiver, the baseband output ingnals of which are each 
combined via separate variable-gain amplifiers with gain weightings 
dependent on the instantaneous KF signal levels detected by the 
respective receiver. 

2. A diversity antenna system, as claimed in claim 1, where - in the 
case of a two-element design - the ratio of the detected instantaneous RF 
signal strengths is used to adjust the baseband variable gain amplifiers 
in such a fashion that as the gain of one amplifier increases so the gain 
of the other decreases, the total gain remaining constant^ thus ensuring 
that the baseband signal strength at the final output of the diversity 
receiver remains constant irrespective of the variation in relative KP 
signal strengths present at the two receivers. 

3. A diversity antezma system, as claimed in claims 1 & 2, without 
requiring any phase compensation, RF amplitude adljustment or closed- 
loop control, yet capable of maximising the baseband signal-to-noise 
ratio with performance similar to an ideal phased array with both phase 
and amplitude compensation. 

4. A diversity antenna system, as claimed in claims 1 & 2, with open- 
loop control of the weightings of each variable-gain amplifier in such a 
fashion that the system may respond rapidly and accurately to changes 
in signal conditions whilst maintaining optimum amplifier weightings 
and maintaining constant baseband (audio) level. 

5. A diversity antenna system, as claimed in claims 1, 2 & 4, where, in 
the case of a two-element design, a close approximation to optimum 
sigiial-to-noise weighting may be obtained by increasing the weighting of 
one element whilst decreasing the weighting of the other in proportion to 
the difference between the logarithms of the signal levels as detected by 
the respective receivers. 

6. A diversity antenna system substantially as described herein with 
reference to figures 1 & 2 of the accompanying diagrams. 
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